Nuclear resonant x-ray diffraction in grazing incidence geometry is used to determine the lateral magnetic configuration in a one-dimensional lattice of ferromagnetic nanostripes. During magnetic reversal, strong nuclear superstructure diffraction peaks appear in addition to the electronic ones due to an antiferromagnetic order in the nanostripe lattice. We show that the analysis of the angular distribution of the resonantly diffracted x-rays together with the time-dependence of the coherently diffracted nuclear signal reveals surface spin structures with very high sensitivity. This novel scattering technique provides a unique access to laterally correlated spin configurations in magnetically ordered nanostructures and, in perspective, also to their dynamics.
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Resonant magnetic x-ray scattering of synchrotron radiation [1] [2] [3] is an established tool to probe magnetism in crystalline systems, ultra-thin films and multilayer structures. It allows to identify crystalline magnetic order as well as the magnitude and orientation of magnetic moments with high elemental specifity. Magnetic long range ordering leads to Bragg diffraction from which valuable structural magnetic information can be extracted.
While the width of the Bragg peaks is coupled to the crystal quality or strain of magnetic lattices, their peak position and intensity allows to extract lattice parameters, content of the unit cell or the arrangement of magnetic moments. Monitoring these diffraction peaks under the influence of external fields, pressure, temperature variation, or growth thus enables a detailed in-situ characterization of nanomagnetic systems.
During the last decades resonant x-ray diffraction and reflectometry were extensively applied to reveal the magnetic structure of various crystalline alloys [4] [5] [6] and superlattices [7] [8] [9] [10] [11] [12] .
Despite the growing need for characterization of extended patterned magnetic structures like spin ice [13, 14] or skyrmion thin film systems [15] [16] [17] only a few resonant magnetic x-ray diffraction studies on such systems were carried out [18, 19] . Most of these studies were performed at the L 3 edges of Fe or Co and deal with the field dependent shape of nanostripe domain patterns [20, 21] . Using resonant soft x-ray diffraction, Chesnel et al. studied the field dependent magnetic configuration in a dipolar coupled multilayer grating [22] .
Here we show that nuclear resonant surface diffraction provides unique insight into the magnetism of patterned nanostructures. Applicable to various alloys containing Mössbauer isotopes, the technique offers a significant number of features not accessible by other techniques. Nuclear diffraction allows to discriminate the resonantly scattered (delayed) x-rays from the dominating electronic (prompt) ones via time gating, enabling to detect a pure magnetic signal with very high signal-to-noise ratio. This yields superior sensitivity to detect magnetic superstructures in low-dimensional systems, weak contributions of magnetic order in a lattice or smallest variations of magnetic configurations under the influence of external stimuli. Synchrotron radiation in the hard x-ray regime offers access to magnetic correlation lengths down to the atomic scale. The large penetration depth enables depth dependent studies of lateral spin configurations in nanostructures with a height of a few ten nanometers. The vertical sensitivity can be uniquely brought to the atomic level by selectively doping the system with an isotopic probe layers at the depth of interest [23, 24] .
While the distribution of nuclear resonant scattering in reciprocal space allows to identify lateral magnetic correlations in a lattice, its delayed temporal evolution after pulsed excitation contains site-selective information about magnetic moment orientations [23] , i.e., collecting the time dependent nuclear signal at different Bragg peak positions allows to selectively probe magnetic substructures in the sample. Thus, nuclear time spectra are not only highly sensitive to the nanoscopic arrangement of magnetic moments but likewise sensitive to spin dynamics up to the GHz regime. Oscillation frequencies and precessional magnetic moment trajectories can be quantitatively analized [25, 26] . These features make nuclear resonant surface diffraction highly attractive for prospective studies of externally induced (thermal, current, magnetic field) lateral spin dynamics in magnetically patterned nano systems.
We use this novel scattering technique to investigate the magnetic structure of an array of nanostripes that can be tuned via application of an external magnetic field to assume a ferromagnetically or antiferromagnetically aligned state. The nanostripe array, shown in To identify the magnetic structure of the lattice, non-resonant and nuclear resonant line scans are performed with an avalanche photo diode. The electronic signal is shown in These strong superstructure peaks prove that resonant x-ray diffraction is highly appropriate to study lateral spin configurations in ordered nanomagnetic systems. The technique can be applied to investigate large area sample systems with fast access to lateral nano-and micromagnetic correlations, integrated over the area of the x-ray foot print. This constitutes a very powerful method for in-situ studies of nanomagnetic systems during growth, for sample systems under the influence of external fields, electrical currents or large temperature variations.
Since the diffraction process at such a planar grating is essentially equivalent to the diffraction from a layered superlattice (see Fig. 3 ), the data evaluation can be performed via the evaluation software CONUSS that has been developed for evaluation of nuclear resonant scattering data [30] . To simulate the horizontal diffraction pattern we replace the lateral a stack of 30 Py layers with vacuum spacer layers is used for simulation with a thickness d of 1.7 nm and a vertical periodicity Λ elec of 2.6 nm.
A comparison of the measured diffraction data and the calculated reflectivities is shown in Fig. 3 . The angular scale of the reflectivity is compressed by a factor of 50 to account for the reduced multilayer thicknesses and angular dependent q-values (q hor ∼ sin Ψ, q vert ∼ 2 sin α).
The pad structure is not included in the reflectivity model. In spite of this simplified model the calculated electronic and the resonant reflectivity curves reproduce the overall shape of the measured diffraction patterns well and likewise the strong suppression of the 3/2 order magnetic Bragg peak. The suppression of the magnetic diffraction peak can thus be attributed to the ratio of lateral magnetic correlation length in the lattice to the width of the nanostripes which is close to 3:1. Note, that the angular width of the experimental diffraction peaks is predominantly caused by the divergence and size of the synchrotron beam.
Up to now we analyzed the angular dependent nuclear diffraction pattern, which acts as a The left data set shows a nuclear time spectrum detected in specular reflection together with a fit (red line) using the CONUSS program package for nuclear reflectometry [30] . A zero net magnetization of the nano stripe lattice can be identified. The time spectrum on the right is detected at the angular position of the first magnetic Bragg peak and can be evaluated using the reflectivity model presented in Fig. 3 . An excellent agreement with the measured data is achieved if a pure antiferromagnetic configuration of the lattice is assumed.
8 the contributions from the two sets of stripes with k 0 ↑↑ m and k 0 ↑↓ m. This can already be described in a simple model, based on a kinematical approximation. Assuming a spatial phase factor of e iq·R =: e iφ between the contributions from the two sets of stripes, one arrives at the following expression for the temporal beat pattern (see supplementary material): For a quantitative description of the data, the full dynamical theory of nuclear resonant reflectivity from thin films [31] has to be applied, as implemented in CONUSS. Following the analogy laid out in Fig. 3 and assuming a multilayer in an antiferromagnetic configuration, the time spectrum in the 0 th order of the nanostripe diffraction is obtained in the 1 st order
Bragg peak of the multilayer where the contributions from the two magnetic sublattices add in phase (φ = 0). Likewise, the time spectrum in the 1/2 order Bragg peak of the nanostripe array in Fig. 4 results from the sublattices adding in antiphase (φ = π), and is thus equivalent to the time spectrum calculated for the first superstructure peak of the antiferromagnetic multilayer.
In summary, we have shown that nuclear resonant surface diffraction is highly suitable to study lateral spin configurations in ordered magnetic nanostructures with an outstanding signal-to-noise ratio. To demonstrate this, we detect strong resonant, background-free superstructure diffraction peaks from an antiferromagnetically ordered lattice of nanostripes.
A simple theoretical approach was applied to evaluate the angular dependent as well as the time differential nuclear diffraction signal. The technique allows for a fast access to magnetic periodicities in macroscopic, nanostructured sample systems as well as to their magnetization dynamics, rendering it highly attractive for in-situ studies in the presence of external stimuli acting on the magnetic spin system. The simultaneous analysis of the 9 nuclear diffraction pattern together with the temporal beat pattern of the nuclear signal in the magnetic diffraction peaks offers unique access to lateral domain configurations in surface-ordered magnetic nanostructures (size, magnetization direction and lateral arrangement). The technique will significantly benefit from time-resolving x-ray area detectors which will drastically shorten the data aquisition times, thus enabling efficient studies even of isotopically non-enriched sample systems.
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